INTRODUCTION
West Siberia is one of the key areas for unveiling the ethnological history in Eurasia, because this land is considered to be the northern boundary between Asia and Europe. The prevalent indigenous populations in the taiga of West Siberia are currently the Ob-Ugrianspeaking Khanty and Mansi, and the Samody-speaking Nenets and Selkups. Turkish Siberian Tatars reside in southern parts of the forest zones. According to their morphological appearance, all of these populations have a combination of European and Asian characteristics. Based on the peculiarity of this combination, some morphological types were grouped previously as Ugrian, 1 Ural 2, 3 and West Siberian, 4 although no genetic evidence is available.
Archeological evidence in West Siberia has showed that the native cultures had been established by the Middle Ages. There are two alternative archeological views on the processes of culture development in the Middle Ages in the forest zones of West Siberia. One point of view concentrates on the evolutionary autochthonous development of indigenous populations, which is expressed in the concept of the Ob-Irtysh historic-cultural community. The Ob-Irtysh community integrated archeological sites in the tundra, taiga and forest-steppe of West Siberia in the fourth to sixteenth centuries. The development of the Ob-Irtysh community was gradual, without revolutionary impact from the outside, leading to the establishment of contemporary native cultures in the onset of the Modern Age. 5 Another standpoint focuses attention on immigration into West Siberia during the Middle Ages. Immigration could have changed the cultural, political and economical structures of ancient societies. Supporters of this view point out separate archeological cultures in various periods and areas of West Siberia, and consider some immigrants as ancestors of modern native people. [6] [7] [8] [9] Southern parts of West Siberia were included in the Mongol Empire as part of Jochi's Ulus in the twelth century. Since the fourteenth century, most parts of West Siberia until Low Ob were controlled by rulers of the Siberian Khanate. The annexation of this region to Russia began in the sixteenth century. These political processes were accompanied by migrations from metropolitan areas, such as East Asia and Europe. 10, 11 The preservation of anthropological materials in the taiga of West Siberia is generally very poor because of the environmental conditions. This has put obstacles in the way of archeological studies of medieval populations; however, some archeological sites have been found in this region, and have given much profitable anthropological information. Human bone remains have also been excavated from two medieval archeological sites in West Siberia (Saigatinsky 6 and Zeleny Yar, dated about 800-1300 years ago). Anthropologists reported that the craniological characteristics of all medieval bones excavated from these archeological sites belong to different varieties of Ural (West Siberian) traits. 12 In the present study, to investigate the genetic structure of ancient people in West Siberia, we extracted DNA from bone remains of the medieval West Siberian people, and analyzed haplogroups clarified by nucleotide sequences of hypervariable regions (HVRs) 1 and 2 and single nucleotide polymorphisms distributed in coding regions of mitochondrial DNA (mtDNA). We discuss the genetic features of the ancient West Siberian people, compared with previously reported data of modern native populations in Siberia.
MATERIALS AND METHODS

Archeological sites
The geographical locations of the two archeological sites (Saigatinsky 6 and Zeleny Yar) are shown in Figure 1 .
Graveyard Saigatinsky 6 (611N 721E) is located on a bank of the Bolshaja Gnilaja Channel (part of the Ob river system) near Saigatino village. This graveyard is situated in the middle taiga zone in the middle Ob region, where the Khanty lived around this area contemporarily. 13 Considerable parts of the necropolis have been excavated by K Karacharov. The burial bone remains are preserved in the Institute of Problems Development of the North, Siberian Branch of Russian Academy of Sciences. A previous study 12 showed that the morphological features of bone remains from Saigatinsky graveyards (sixth to eleventh centuries) were placed between the modern East Khanty and Mansi. In the present study, bone remains from the eighth to eleventh centuries were analyzed.
The funeral complex Zeleny Yar is located on a flood land island between the Polui River and the Gorny Polui Channel (661N 671E) near Zeleny Yar village.
It consists of graveyards from the eighth to ninth centuries and from the thirteenth century. The site was excavated and comprehensively investigated under the direction of N Fedorova. 14 The anthropological materials are preserved in the Institute of History and Archeology, Ural Branch of Russian Academy of Science. The archeological investigation showed a similarity between the necropolis containing medieval graveyards in the North Ob region and contemporary funeral practices in modern North Khanty. The morphological features of bones from Zeleny Yar attributed them to mixed (or intermediate) Ugro-Samody groups living in the north of West Siberia. 14 
Contamination precautions
The standard contamination precautions were taken according to the previous studies. 15, 16 
Sample collection
To determine mtDNA haplogroups of the medieval West Siberian people, parts of the skeletal remains of 67 ancient individuals excavated from the above three archeological sites (45 from Saigatinsky 6, 22 from Zeleny Yar) were analyzed.
DNA extraction
The DNA extraction from ancient bones (ribs, patellas, metacarpal bones and skulls) and teeth was carried out according to previous studies. 15, 16 PCR amplification and direct sequencing PCR amplification and direct sequencing were carried out according to the method of the previous study. 16 Primer sets L127/H268, L10381/H10466, 18 were used for PCR amplification. Primers L132 (5¢-CCTATGTCGCAGTATCTGTC-3¢), H261 (5¢-GATGTCTGTG TGGAAAGTGG-3¢), L10387 (5¢-CCTATGAGTGACTACAAAAGG-3¢), H10458 (5¢-GAGGGGCATTTGGTAAATATG-3¢), 16 A16126, B16233, A16214, B16398 15 and H16167 19 were used for direct sequencing.
Multiplex amplified length polymorphism analysis
To analyze the haplogroup-diagnostic mtDNA single nucleotide polymorphisms of the medieval West Siberian people, the multiplex amplified length polymorphism method of the previous study 20 was used. Using this method, 36 diagnostic mutations (10398A, intergenic COII/tRNALys 9-bp deletion, 5178A, 3010A, 14979C, 8020A, 13104G, 11215T, 11959G, 10400T, 8793C, 4833G, 8200C, 3394C, 14178C, 3970T, 5417A, 13183G, 3594T, 11969A, 11696A, 6455T, 4386C, 12811C, 15487T, 8684T, 1736G, 10873T, 8994A, 4580A, 10550G, 12308G, 1719A, 15607G, 7028C and 12612G) were analyzed. The PCR amplifications and electrophoresis were carried out according to the previous study. 16 
Data analysis
Nucleotide sequences and single nucleotide polymorphisms of the specimens analyzed in the present study were compared with the revised Cambridge reference sequence, 21 and then each specimen was assigned to mtDNA haplogroups according to the mtDNA data and classification tree. [22] [23] [24] [25] [26] [27] When any haplogroup classified by HVR motifs was inconsistent with that indicated by the single nucleotide polymorphisms of coding regions, that specimen was excluded from the subsequent data analysis.
To infer the phylogenetic relationships between the medieval West Siberian people and the modern Siberian populations, the previously published data of mtDNA haplogroups from 19 modern and ancient populations were cited as follows: Mansi; 28 Ket and Nganasan; 29 Itelmen and Koryak; 30 Chukuchi and Eskimo; 31 Tubalar, Tuvan, Buryat, Tofalar, Evenki, Negidal, Ulchi, Nivkhi and Udegey; 32 Khanty; 33 Japanese, Chinese and German; 21 and ancient Danes. 34 The geographic distributions of these populations are shown in Figure 2 . The frequencies of mtDNA haplogroups of these populations were compared with those of the medieval West Siberian people obtained in the present study.
Pairwise F ST values and statistical significance from frequencies of mtDNA haplogroups were computed by ARLEQUIN version 3.11. 35 Then, the genetic relationships among the medieval West Siberian people and the modern Siberian populations were analyzed using the neighbor-joining method 36 in MEGA version 3.0 37 and the multidimensional scaling method 38 in STATIS-TICA version 06J (Statsoft JAPAN, Tokyo, Japan) based on pairwise F ST values. In addition, principal component analysis based on the distribution pattern of mtDNA haplogroups was carried out using STATISTICA version 06J.
RESULTS AND DISCUSSION
From 13 of 67 specimens examined, fragments of HVR 1 were successfully PCR amplified (Table 1) . The following multiplex amplified length polymorphism analysis and HVR 2 sequencing were carried out for the successful 13 specimens. No successful results were obtained from the other 54 specimens because of possible DNA degradation. This significantly low successful rate of mtDNA analysis might have been because the samples analyzed in the present study had been buried in acid soils without coffins. As mtDNA haplogrouping from amplified length polymorphism analysis of 4 (SG6-108west, ZY-9, ZY-10 and ZY-30sk2) of the successful 13 specimens conflicted with that from direct sequencing of HVRs 1 and 2, the haplogroups of the four specimens were not correctly determined. The cause of such inconsistency was considered to be modern DNA contamination or postmortem damage, including deamination of cytosine; therefore, the four specimens were excluded from the subsequent analysis. As a result, mtDNA sequences of nine specimens were finally classified into mtDNA haplogroups (Table 1 ). The nucleotide sequences of HVRs 1 and 2 as well as nucleotide positions 10 382-10 465 will appear in the DNA databases (DDBJ/EMBL/GenBank) with the following accession numbers: AB598647-AB598688.
The mtDNA haplogroups detected from the medieval West Siberian specimens were U, H, G2, C4 and B4 (Table 2) Table 2 ). The genetic relationships between the medieval West Siberian people and the modern and ancient northern Eurasian populations were shown using the neighbor-joining method ( Figure 3 ). The medieval West Siberian people were located between modern West Siberian populations and modern or ancient European populations. This result might reflect that the medieval West Siberian people analyzed in the present study did not possess both haplogroups I and X, which are specific to European populations, and D, which is specific to Asian populations. The multidimensional scaling method ( Figure 4) (Table 3) . On the whole, HVR 1 haplotypes observed among the medieval West Siberian people were distributed among northern Europe, and West and Central Siberia. In particular, the distribution pattern of Type 3 was restricted within modern Siberian populations. This could support the suggestion based on the neighbor-joining ( Figure 3 ) and multidimensional scaling methods ( Figure 4) ; however, on the basis of principal component analysis ( Figure 5 ), the medieval West Siberian people seemed to form a cluster together with modern West and Central Siberian populations without European populations. Therefore, the medieval West Siberian people might be closer to modern Siberian populations rather than European populations.
By contrast, haplogroups V, J, T, K, W, X and D reported in modern West Siberian populations [28] [29] [30] [31] [32] were not identified from the medieval West Siberian people in the present study (Table 2 ). In addition, haplogroup I reported in ancient and modern European populations 22, 34 was not detected from medieval West Siberians in the present study (Table 2 ). These genetic differences between medieval West Siberian people and modern West and Central Siberian populations or European populations might be attributed to the small number of medieval West Siberian specimens successfully analyzed in the present study. Alternatively, haplogroups V, J, T, K, W, X and D were probably brought to ancestors of the native West Siberian populations via recent gene flows from Europe (for V, J, T, K, W and X) and Central Siberia (for D), and haplogroup I was probably lost during the migration from Europe to West Siberia by the founder effect. Frequencies of haplogroups V, W and X were significantly low even in West Siberian and European populations compared with medieval West Siberian people in the present study (Table 2) ; therefore, even if these haplogroups existed in medieval West Siberian people, it was difficult to detect them from the small number of samples, such as bone remains, analyzed in the present study. Although haplogroups J, T and D are distributed among modern West Siberian populations at relatively high frequencies, it also seemed difficult to detect them from these nine samples. When the nine individuals were sampled at random from the 47 individuals of the Khanty that possess haplogroup J at the highest frequency among West Siberian populations used for comparison in the present study, the probability of any individuals with haplogroup J not being sampled was B0.20, not statistically significant. This means it is possible that haplogroup J was undetected from the nine specimens of medieval West Siberian population, even if this haplogroup existed among them at equal frequency to the Khanty. Similarly, in the case of haplogroup T for the 98 individuals of the Mansi, the probability was B0.49, also not significant. In the case of haplogroup D for the 47 individuals of the Khanty, the probability was B0.20, also not significant; therefore, the reason why these haplogroups were not detected from the specimens analyzed in the present study must be the issue of sample size. On the other hand, in the case of haplogroup D for 24 individuals of the Nganasan, the probability was B0.03, (n¼9) (n¼161) (n¼56) (n¼47) (n¼98) (n¼38) (n¼24) (n¼72) (n¼95) (n¼25) (n¼46) (n¼71) (n¼33) (n¼87) (n¼56) (n¼46) (n¼47) (n¼155) (n¼66) (n¼79) (n¼160) (n¼874) TV, Tuvan; UD, Udegey; UL, Ulichi; WS, medieval West Siberian analyzed in the present study.
Haplogroup frequencies of modern populations are inferred from the data (n, sample no.) in previous studies. 22, [28] [29] [30] [31] [32] [33] [34] Dashes indicate no identification of the haplogroups from these populations. mtDNA haplogroups of ancient West Siberian people T Sato et al must be analyzed. In addition, to further understand the genetic features and history of the ancient West Siberian people, information on the paternal and biparental gene lineages as well as additional ancestors from different periods would be very useful; however, the low rate of the successful samples analyzed in the present study may indicate the difficulty of obtaining nucleic DNA data, as reported in some previous studies. 39, 40 
